In this contribution we propose a space-time decision feedback equalization (ST-DFE) assisted multiuser detection (MUD) scheme for multiple antenna aided space division multiple access systems. A minimum bit error rate (MBER) design is invoked for the MUD, which is shown to be capable of improving the achievable bit error rate performance over that of the minimum mean square error (MMSE) design. An adaptive MBER ST-DFE-MUD is proposed using the least bit error rate algorithm, which is demonstrated to consistently outperform the least mean square (LMS) algorithm, while achieving a lower computational complexity than the LMS algorithm for the binary signalling scheme. Simulation results demonstrate that the MBER ST-DFE-MUD is more robust to channel estimation errors as well as to error propagation imposed by decision feedback errors, compared to the MMSE ST-DFE-MUD.
I. INTRODUCTION
In an effort to further increase the achievable system capacity, antenna arrays can be employed for supporting multiple users in a space division multiple access (SDMA) communications scenario [1] - [10] . We investigate a space-time (ST) decision feedback equalization (DFE) assisted multiuser detection (MUD) scheme for multiple receiver antenna aided SDMA systems. To interpret the multiuser-supporting capability of such a novel SDMA system [11] , it is useful to relate it to classic code division multiple access (CDMA) multiuser systems [9] . In a CDMA system, each user is separated by a unique user-specific spreading code. By contrast, an SDMA system differentiates each user by the associated unique user-specific channel impulse response (CIR) encountered at the receiver antennas. In this analogy, the unique user-specific CIR plays the role of a user-specific CDMA signature. However, owing to the non-orthogonal nature of the CIRs, an effective MUD is required for separating the users in an SDMA system.
The most popular SDMA-receiver design is constituted by the minimum mean square error (MMSE) MUD [5] , [8] - [12] . How- ever, as recognized by [13] in a CDMA context and by [14] in an adaptive beamforming-based MUD scenario, a better strategy is to choose the detector's coefficients by directly minimizing the system's bit error ratio (BER). For the single-user single-antenna system, the minimum BER (MBER) equalization design has been proposed [15] - [18] . This paper studies the MBER performance in comparison to the MMSE design. Moreover, unlike the MMSE design whose performance degrades significantly owing to decision feedback errors in the presence of multi-user feedback loops, the MBER ST-DFE-MUD is very robust to the error propagation. The MBER ST-DFE-MUD is also shown to be more robust to channel estimation errors than the MMSE design. It is demonstrated that the LBER ST-DFE-MUD consistently outperforms the least mean square (LMS) based ST-DFE-MUD and yet it has a lower computational complexity than the latter in the case of the binary phase shift keying (BPSK) modulation scheme.
II. SYSTEM MODEL Consider the multiple antenna aided SDMA system supporting M users, where each of the M users is equipped with a single transmit antenna and the receiver is assisted by an L-element antenna array. The symbol-rate received signal samples xi (k) for 1 < 1 < L are given by 
can be viewed as a translation of the original observation space x(k) into a new space r(k) [15] r(k)
( 1 1) In the translated space r(k), the original ST-DFE described by (4) is "translated" into a ST "linear equalizer" described as ym (k) = wmr(k)
We will choose the ST-DFE structure's parameters as follows: 
The elements of ri(k) can be computed recursively
where z-1 defines the unit delay operator. The detector structure of (12) with the space translation (13) is exactly the same as the original DFE structure (4) . The feedback coefficient vector bm does not simply "disappear". It has in fact been set to its "optimal value", whichisbm = CBHWm.
III. MINIMUM BIT ERROR RATE MULTIUSER DETECTION
Let us denote the NS = 2M(d+l) number of possible sequences of sF(k) as s(q), 1 < q < N,. Denote 
Under the assumption that the past decisions are correct, we have SB (k)= SB (k) and the received signal vector can be expressed as x(k) = CFsF(k)+CBSB(k)+n(k). Thus, the decision feedback
The probability density function (PDF) of yRm (k) is a Gaussian mixture given by [13] , [14] pm(YR) Note that the BER is invariant to a positive scaling of wi.
The MBER solution for the mth detector is then defined as the weight vector that minimizes the error probability (16) W(MBER)m = arg min PE (wm). Given the gradient (19) , the optimization problem (18) can be solved iteratively by commencing from an appropriate initialization point using a gradient optimization algorithm. The simplified conjugate gradient algorithm of [19] , [13] provides an efficient means of finding an MBER solution for the optimization problem (18) .
IV. ADAPTIVE MINIMUM BIT ERROR RATE IMPLEMENTATION
The Parzen window method [20] - [22] provides an efficient 19) means of estimating a PDF. Given a block of K training samples (15) 
Wm(k +1) = w 1) 1t) e np r (k). (24) 2V27TPn
The adaptive gain ,u as well as the kernel width pn are the two algorithmic parameters that have to be set appropriately. Specifically, they are chosen to ensure adequate performance in terms of both the achievable convergence rate and steady-state BER misadjustment. Note that there is no need to normalize the weight vector to a unit-length after each update. It can readily be shown that for the BPSK case, the LBER ST-DFE is computationally simpler than the LMS ST-DFE, imposing about half the computational complexity required by the LMS algorithm [14] . Table I , each having nC = 3 taps. In the simulations all the 16 CIRs were normalized using Cj,m(z)/ Cj,m(z)j to provide a channel gain of unity. As the length of the CIRs was nc = 3, the ST-DFE structure was defined by nF = 3, d = 2 and nB = 2. The theoretical BER curves of the MMSE and MBER ST-DFE-MUDs, computed using the BER expression of (16) , are plotted in Fig. 1 over a range of signal to noise ratio (SNR) conditions. It can be seen that the MBER ST-DFE-MUD provided better BER performance than the MMSE ST-DFE-MUD. The BER calculated using the expression (16) represents the theoretical best-case performance, since it was obtained assuming that the correct symbols were fed back in the ST-DFE-MUD's feedback loop. For the sake of investigating the effects of decision feedback induced error propagation, the BERs of the MMSE and MBER ST-DFE-MUDs were also calculated using simulations with the error-prone detected symbols being fed back, and the results are also depicted in Fig. 1 
VI. CONCLUSIONS
A novel minimum bit error rate design has been proposed for the ST-DFE-MUD employed in multiple antenna aided SDMA systems. It has been demonstrated that this MBER design is capable of achieving better performance and hence of improving the attainable system capacity, compared to the MMSE design. An adaptive implementation of the MBER ST-DFE-MUD has also been derived based on the LBER algorithm, which has been shown to consistently outperform the LMS algorithm and yet maintaining a lower computational complexity than the latter for BPSK modulation. Another interesting result observed in this study is that the MBER ST-DFE-MUD is significantly more robust against the error propagation caused by error-prone detected symbols used in the MUD's feedback loop, in comparison to the MMSE ST-DFE-MUD. 
